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[57) ABSTRACT

A method of forming a conductive electrode bump on a
first side of a dielectric substrate. The electrode bump is
located such that it is in electrical contact with one end
of an electrically conductive via passing through the
substrate. An electrically conductive test pad, located
on a second side of the substrate, 1s in electrical contact
with the opposite end of the via. The method includes
the steps of (a)forming a layer of conductive material of
generally uniform thickness onto the first side of the
substrate, the layer being in a routing pattern for routing
electrical signals along the first side; and (b)selectively
reducing the thickness of the layer in locations defining
the routing pattern to a greater extent than in the loca-
tion of the bump to provide a bump, that extends from
the first side at a height greater than the routing pattern.

12 Claims, 2 Drawing Sheets
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METHOD OF GENERATING A SUBSTRATE
ELECTRODE FOR FLIP CHIP AND OTHER
APPLICATIONS

TECHNICAL FIELD OF THE INVENTION

The present invention relates generally to the area of
high density substrate and component attachment tech-
nology and, more specifically, to a method for the gen-
eration of substrate electrode bumps for flip Chlp 10

- mounted devices, such as integrated circuits (ICs), using

a subtractive process.

BACKGROUND ART

In recent years, with the advances made in the minia- 1°
turization of electronic devices, integration densities of
IC (SSI, MS], LSI AND VLSI) chips have been
greatly increased. In mounting of semiconductor de-
vices, such as ICs, onto a substrate, the distance (pitch)
between electrode bumps (bumps) has been reduced
while the number of input/output(I/O) terminals has
been increased. In card type calculators and IC cards, a
demand has arisen for developing low-profile products
which require short pitches.

Wireless bonding, such as tape automated bonding 23
(TAB) and flip chip, can advantageously realize collec-
tive bonding of bumps with high-precision alignment
between the bumps, low-profile automatic mounting of
semiconductor elements, and high reliability. There-
fore, wireless bonding has become a mainstream mount-
ing technique for LSI chips. |

In performing wireless bonding, metal projections
known as electrode bumps are generally formed on a
substrate or on input/output pads of IC chips. The pres-
ent methods for creating these bumps suffer from sev-
eral drawbacks. Obtaining a bump aspect (height/-
width) ratio of greater than 1.5/1 is difficult to achieve.
Relative bump positional tolerances are not satisfactory.
Flip chip bond verification cannot be easily accom-
plished and the bump contact resistance is high. A fur-
ther problem 1s Temperature Coefficient of Expansion
(TCE) mismatch between the substrate and the semi-
conductor die. mounted to the substrate. For example,
for many applications the IBM C4 process is nonaccept-
able for Die greater than approximately 600 mils due to
TCE mismatch. This problem is exacerbated in 1/0
pads located in corners of the substrate because shear
forces due to TCE mismatch are in multiple directions.

SUMMARY OF THE INVENTION

In view of the foregoing discussion, an object of this
invention 1s to provide a method of electrode bump
formation which overcomes the deficiencies of the
prior art.

The present invention encompasses a method of 55
forming a conductive electrode bump on a first side of
a dielectric substrate. The electrode bump is located
such that it is in electrical contact with one end of an
electrically conductive via passing through the sub-
strate. An electrically conductive test pad, located on a 60
second side of the substrate, is in electrical contact with
the opposite end of the via. The method includes the
steps of (a)forming a layer of conductive material of
generally uniform thickness onto the first side of the
substrate, the layer being in a routing pattern for routing 65
- electrical signals along the first side; and (b)selectively
reducing the thickness of the layer in locations defining
the routing pattern to a greater extent than in the loca-
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tion of the bump. This results in a bump that extends
from the first side at a height greater than the routing
pattern.

The invention, and its objects and advantages, will
become more apparent in the detailed description of the
preferred embodiments presented below.

BRIEF DESCRIPTION OF THE DRAWINGS

In the detailed description of the preferred embodi-
ments of the invention presented below, reference is
made to the accompanying drawings, in which: |

F1G. 1is a side schematic illustration, in section, of a
substrate with vias therethrough;

- FIG. 2 is a side schematic illustration, in section, after
a conductive routing pattern has been applied on the
substrate;

FIG. 3 is a side schematic illustration, in section, after
a photoresist has been applied to the routing pattern;

FIG. 4 1s a side schematic illustration, in section, after
the conductive layer has been reduced in thickness
except where bumps are to be located; and

FIG. § is a side schematic illustration, in section, after
gold has been applied to the bumps.

BEST MODE FOR CARRYING OUT THE
INVENTION

With reference to FIG. 1, a dielectric substrate 10 has
vias 12 therethrough which connect a first side 14 of
substrate 10 to a second side 16 of substrate 10. Vias 12
are spaced at a pitch X of preferably about 10 mils. The
vias are made of an electrically conductive material
which will improve the existing substrate thermal mis-
match with flip chipped silicon or gallium/arsenide
devices. Examples of such a material for the vias are
copper or an aluminum-silicon alloy.

Located on second side 16 are electrically conductive
test pads 18 which contact vias 12. Test pads 18 are
preferably at a fixed pitch and size for all applications.
This pitch allows for standardized test tooling (fixed
hard tooling in the case of contact testing) independent
of any specific application. Initially, test pads 18 are
electrically connected together by a thin, fixed, conduc-
tive interconnect layer 20 which is preferably made of
gold. Referring to FIG. 2, an electrically conductive
layer 22 of generally uniform thickness, made of a mate-
rial such as aluminum or copper, 1s formed onto a first
side 14 of the substrate in a circuit routing pattern. The
circuit routing pattern routes electrical signals along
first side 14. Formation of layer 22 may be accom-
plished by using a direct laser write process which will
deposit a very thin layer of conductive material on the
substrate in the desired circuit routing pattern. This thin
layer may be thickened by electroplating, using inter-
connect layer 20, test pads 18 and vias 12 to connect the
thin layer as a cathode in the electroplating process.
Preferably, the thin layer is thickened such that layer 22
will have a thickness of about 25 microns or greater.
Alternatively, to generate the circuit routing pattern on
the substrate, layer 22 can be applied via standard sput-
tering or lift off processes and standard photolitho-
graphic processes.

Referring to FIG. 3, a photolithographic method is
used to create conductive electrode bumps from con-
ductive layer 22. A photoresist layer 21 is applied on
conductive layer 22 by, for example, a spin-on process.
A mask 25 1s then placed over layer 21. Mask 25 has
opague 23A and transparent 25B sections. The transpar-
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ent sections are located in a pattern corresponding to
the pattern of electrode bumps to be created on sub-
strate 10. A light source 27, emitting actinic (e.g. visible

or ultraviolet) radiation, backlights mask 25 with light

only passing through transparent sections 25B. This
exposure causes a chemical crosslinking of the photore-

sist so exposed. Because a positive photoresist process
was used, layer 21 is treated with an aqueous solution( a
solvent would be used for negative photoresist process).
This treatment removes all of the photoresist except
those portions which were exposed to light.

-Conductive layer 22 is now treated with an etchant,
such as a weak acid solution, which will selectively
reduce the thickness of conductive layer 22. Reduction
will not occur in those areas on which the photoresist
still remains. This etching step is timed such that those
areas of layer 22 so reduced end up with a thickness of
about 5 microns. Any photoresist remaining on top of
bumps 24 can be removed by contacting the photoresist
with a solvent, such as a strong acid or alkali solution,
or by a plasma etching technique.

With reference to FIGS. 4 and 5, the selective reduc-
tion of layer 22 creates electrode bumps 24 which have
a height of preferably about 20 microns or greater and
an aspect ratio of 1.5 X or greater. Each bump is electri-
cally connected to a via through the routing pattern
and, preferably, directly overlies its associated via. In a
preferred embodiment of the invention, conductive
layer 22 is plated with a gold layer 26. Gold layer 26 is
provided to minimize interconnect resistance. This plat-
ing can be accomplished by an electroplating process
utilizing interconnect layer 20 as the cathode. The gold
layer may be removed in all areas except at end 24A of
electrode 24 to reduce cost if this layer is not needed to
reduce interconnect impedance. Conductive intercon-
nect layer 20 is eliminated by removing it with a single
polish step or laser trim to electrically i1solate test pads
18 from each other.

A semiconductor die 28 is shown flip chip mounted
to bumps 24. All semiconductor die may be flip chip
mounted to the electrodes using, as is conventional, an
ultraviolet or heat activated adhesive {conductive or
not). Reference may also be made to our application
U.S. Ser. No. 07/838,979 for a method of adhesively
attaching semiconductor chips to circuit substrates. At
system level module verification, or final test verifica-
tion, all semiconductor IC pads are accessible through
test pads 18. This minimizes built-in self-test constraints.

Since the electrode bumps are formed from the same
conductive layer as the circuit routing pattern, the loca-
tion of the bumps relative to the routing pattern is well
“defined. This allows alignment targets, formed from the
conductive layer, to be used to accurately align semi-
conductor 1C pads with the lumps. The present inven-
tion greatly simplifies the flip chip mounting process by
eliminating the need for complicated optics which are
presently required to accurately align the semiconduc-
tor die with the circuit routing pattern on the substrate.

- There has therefore been described an improved
method for generating electrode bumps using a subtrac-
tive process that facilitates the manufacture of bumps
with a bump aspect ratio of preferably greater than
1.5/1 and establishes good bump positional tolerances.

The invention has been described in detail with par-
ticular reference to preferred embodiments thereof, but
it will be understood that variations and modifications
can be effected within the spirit and scope of the inven-
tion. |
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What is claimed is:

1. A method of forming a conductive electrode bump
on a first side of a dielectric substrate, the bump being
located such that it is in electrical contact with one end
of an electrically conductive via passing through the
substrate, an electrically conductive test pad being in
contact with the opposite end of the via and located on
a second side of the substrate, said method comprising

the steps of:

forming a layer of conductive material of generally
uniform thickness onto said first side of said sub-
strate, the layer being in a routing pattern for rout-
ing electrical signals along said first side; and

selectively reducing the thickness of the layer in loca-
tions dcﬁning said routing pattern to a greater ex-
tent than in the location of the bump to provide a
bump that extends from said first side at a height
greater than said routing pattern.

2. The method as defined in claim 1 wherein said
depositing step is effective to deposit a layer of conduc-
tive material that is about 25 microns or greater in thick-
ness and wherein said reducing step is effective to re-
move all but about 5 microns of said conductive mate-
rial except where said bump is to be located.

3. The method as defined in claim 2 further compris-
ing the step of:

coating at least the end of said bump opposite said

substrate with gold.

4. The method as defined in claim 3 further compris-
ing the step of:

eliminating an electrical connection between said test

pad and other test pads on the second side of the
substrate.

S. The method as deﬁned in claim 1 further compris-
ing the step of:

coating at least the end of said electrode opposite said

substrate with gold.

6. The method as defined in claim § further compris-
ing the step of:

eliminating an electrical connection between said test

pad and other test pads on the second side of the
substrate.
7. The method as defined in claim 1 further compris-
ing the step of:
eliminating an electrical connection between said test
pad and other test pads on the second side of the
substrate.

8. The method as defined in claim 1 wherein said
bump directly overlies said via.

9. A method of forming a conductive electrode bump
on a first side of a dielectric substrate, said method
comprising the steps of:

forming a layer of conductive material of generally

uniform thickness onto said first side of said sub-

- strate, the layer being in a routing pattern for rout-

ing electrical signals along said first side; and
selectively reducing the thickness of the layer in loca-
~ tions defining said routing pattern to a greater ex-
tent than in the location of the bump to provide a
- bump that extends from said first side at a height
greater than said routing pattern.

10. The method as defined in claim 9 wherein said
depositing step is effective to deposit a layer of conduc-
tive material that is about 25 microns or greater in thick-
ness and wherein said reducing step is effective to re-
move all but about 5 microns of said conductive mate-
rial except where said bump is to be located.
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11. The method as defined in claim 10 further com- 12. The method as defined in claim 9 further compris-

SR : ing the step of: |
priSing he step of ‘ _ _ coating at least the end of said electrode opposite said
coating at least the end of said bump opposite said

. substrate with gold.
substrate with gold. 5 = x * x »
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